Bangladesh Cerebral Palsy Register CPI Community Periodontal Index dmft decayed, missing, and filled teeth for deciduous teeth DMFT Decayed, Missing, and Filled teeth for permanent teeth LMIC Low-and middle-income countries AIM To describe the oral health status and investigate factors affecting dental caries experience among children with cerebral palsy (CP) in rural Bangladesh.
RESULTS
Of 90 children with CP (mean age 9y 7mo, range 2-17y, 37.8% female and 62.2% male), 35% of 2 to 6 year olds, and 70% of 7 to 11 year olds (p=0.014) experienced caries (dmft+DMFT>0). The mean values (standard deviation [SD] ) of dmft and DMFT were 2.46 (3.75) and 0.72 (1.79) respectively. After adjusting for age and sex, binary logistic regression analysis showed a significant relationship with dental caries for children who had quadriplegia (odds ratio [OR] 5.56, p=0.035), tooth cleaning less than one time/day (OR 0.08, p=0.016), using toothpowder or charcoal for cleaning (OR 7.63, p=0.015), and snacking between meals more than one time/day (OR 6.93, p=0.012).
INTERPRETATION Early oral health preventive care is required for children with CP because dental caries is highly prevalent in these children.
Cerebral palsy (CP) is a neurodevelopmental condition comprising a group of permanent disorders of movement and posture that are attributed to non-progressive disturbances of the developing brain. 1, 2 Although it is estimated that CP is almost 5 to 10 times more common in resource-poor settings, the exact burden of CP is unknown in most developing countries. 3 There are many gaps in our understanding of CP, including oral health.
The neuromuscular problems inherent in CP can affect oral health significantly in several ways. 4, 5 These can include changes in structure of the orofacial region, feeding problems, and difficulties in maintaining oral hygiene; additionally people with CP can encounter barriers in accessing oral health care. Several studies have examined caries rates in individuals who have CP. [6] [7] [8] However, most of those studies were conducted on highly selected children (e.g. children attending clinics or rehabilitation centres) and in high-income countries. There are no populationbased studies of the caries rates among children with CP in low-and middle-income countries (LMICs).
A study from England 6 did not find any significant differences in the levels of decayed, missing, and filled teeth between children who had CP and a control group of children without disabilities. They did find, however, that the children with CP had more untreated decay than children without a disability. However, to date, no population-based studies have been published defining the risk factors for dental caries experience among children with CP living in the rural communities of LMICs.
Poor oral hygiene is often cited as a problem affecting the oral health status of individuals who have CP. 6, 7 There is a high prevalence of orofacial motor dysfunction among people with CP, which can hinder oral hygiene and hence increase dental biofilm formation and retention. 9 Factors such as food consistency, snacking between meals, and associated oro-motor dysfunction also have been reported to contribute to the high incidence of caries and periodontal disease found in those with CP. 10 However, the influence of the severity of motor impairment of CP in children classified by the Gross Motor Functional Classification System (GMFCS) on caries experience has yet to be elucidated.
With little known about CP and oral health in Bangladesh (a typical LMIC), researchers, government organizations, and service providers are limited in their capacity to quantify current and future resource allocation needs or to identify oral health (e.g. dental caries) preventive strategies. Therefore, this study aimed to describe the oral health status and factors affecting dental caries experience of a group of children with CP in rural Bangladesh.
METHOD Study design and participants
This study is a part of the Bangladesh CP Register (BCPR) study. BCPR is one of the first population-based CP registers in a LMIC setting and has been operating since January 2015. The BCPR covers a defined geographical area in the northern part of Bangladesh (i.e. Shahjadpur sub-district) with a total population of 561 076 (child population approx. 226 114) and an estimated 70 998 households. 4 The details of the study population and recruitment strategies have been described previously. 4 For the oral health component of the study we randomly selected a sub-group of children with CP aged younger than 18 years who are registered in the BCPR. Between January and June 2015, 299 children with CP were registered with the Bangladesh CP Register. A systematic random sampling method was applied in the selection of participants for the oral health study. The following steps were used in selecting the sample: (1) Defining the population: children with CP registered with a population-based CP register (n=299). (2) Choosing the sample size: a sample size of 90 children with CP was chosen for the oral health study because of the limited study budget, and also to enable a detailed oral health assessment in a rural setting. Moreover, because there is a scarcity of data on oral health of children with CP from LMIC, it was considered that the sample size (n=90) would at least reflect the disease pattern in this highly selective child population. Voluntary written informed consent was obtained from an adult guardian and/or primary caregiver of the children with CP before their recruitment into the study.
Clinical assessment
Data on clinical assessment variables (e.g. neurological classification, motor severity) were extracted from the BCPR database. Children with CP were identified from the community using the Key Informants Method, and a detailed neurological examination was performed by a trained paediatrician during the clinical assessment and BCPR registration process.
For completion, both typological and GMFCS data are reported. GMFCS only reflects the motor ability/functional capacity of a child, whereas the topological classification gives more detailed information regarding neurological deficits. The neurological classification of CP included spastic, dyskinetic or ataxic movement motor types based on clinical assessment by a paediatrician. Spasticity was further classified into mono/hemiplegic, diplegic, triplegic, and quadriplegic. 11 Children's functional motor impairment was assessed using a five-level classification system, the GMFCS. 12, 13 Children who are independently ambulant are classified in GMFCS level I or II, those requiring an assistive mobility device to walk are classified in GMFCS level III, and those in wheeled mobility in GMFCS levels IV and V. 11, 12 The gestational age of the patients at birth was classified as infants born at term (≥37wks) and infants born preterm (<37wks). Infants born preterm were further assigned to subcategories according to gestational age: 35 to 36 weeks; 30 to 34 weeks; and less than 30 weeks.
14 Gestational age was collected as part of BCPR assessment/registration because prematurity is one of the common known causes of CP.
Oral health assessment
The calibration process involved two stages: one theoretical and one clinical. Two general dentists (RA and RR) participated in the theoretical stage where the diagnostic criteria for dental caries (dmft/DMFT) and periodontal health (Community Periodontal Index, CPI) were discussed 15 and the examining dentist (RR) was trained to carry out the oral health assessment. The study was then conducted in two phases: in phase 1, the trained examiner (RR) examined 10 randomly selected children with CP (approximately onetenth of the complete sample) and recorded dmft/DMFT. The completed answers were received the same day. In phase 2 of the study, 1 month later, the examiner again examined the same 10 children with CP and recorded dmft/ DMFT. The completed answers and the intra-examiner reliability were calculated as weighted kappa. The strength of agreement was very good and the numeric kappa value was 0.90. The examinations were conducted in a local primary school or non-governmental organization (NGO) centre with the patient sitting on a traditional chair. 4, 12 To conduct the oral examination, the dentist used a 250-lumen LED lightbulb coupled to the head, flat dental mirrors, What this paper adds
• Children with cerebral palsy with severe motor disability (Gross Motor Function Classification System levels IV-V) are at high risk for dental caries.
periodontal probes (CPI), mouth openers, wooden spatulas, and disposable gauze. 16 The oral health status was evaluated using the 2013 World Health Organization criteria for dental caries identifying the decayed, missing, and filled teeth (dmft) for deciduous teeth and Decayed, Missing, and Filled teeth (DMFT) for permanent teeth index. The overall values of dmft and DMFT were evaluated separately and together by the sum of d+m+f+D+M+F. The scores were given and the severity of dental caries was expressed based on dmft+DMFT=0 meaning 'caries free' and dmft+DMFT>0 meaning 'presence of caries'. In the intraoral clinical examination, the following data was also collected: CPI for six index teeth 15 classified as CPI 0=healthy; CPI 1=bleeding; CPI 2=calculus; CPI 3=pocket depth 3-5mm; and CPI 4=pocket depth>5mm.
Procedure
A standard data collection form containing the following information was used: demographics (e.g. age, sex, body mass index (BMI) caregiver's educational level), diet (e.g. consistency of food, number of snacks etc.), and oral hygiene behaviour (e.g. tooth brushing frequency, use of tooth cleaning devices and materials, number of dental visits, etc.). BMI was calculated from the child's height and weight. Height and weight were collected as part of BCPR assessment/registration to evaluate the nutritional status of the children.
To assess the diet consistency (e.g. solid, semi-solid, and liquid) for people with CP, each caregiver was asked to identify which of the three consistencies was provided as the main diet. 10 
Statistical analysis
The data were processed using SPSS (Statistics Package for Social Science, version 22.0 for windows; SPSS Inc., Chicago, IL, USA). The measures of central tendency (mean) and dispersion (SD) were used for DMFT and dmft to characterize each participant's caries experience. The association between caries experience (dmft+DMFT>0) and the background factors (age, sex, BMI, education), degree of motor impairment, CPI, oral hygiene variables, masticatory ability, and snacking between meals were assessed using v 2 tests. Binary logistic regression analysis was used and adjusted by age and sex. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated from the model. The significance level was set at p<0.050.
RESULTS
A total of 90 children with CP were enrolled in this study (mean age 9y 7mo, range 2-17y), of whom 37.8% were female and 62.2% were male. Results showed that the proportion of children with caries experience (dmft+ DMFT>0) increased from approximately 35% in 2 to 6 year olds to around 70% in 7 to 11 year olds (p=0.014), falling to approximately 42% in 12 to 17 year olds (Table I ). In the bivariate analysis, a child having a father with only primary education as caregiver resulted in a higher caries experience for the child when compared with children of caregivers having secondary/tertiary education. Using v 2 tests, statistically significant differences (p=0.001) were found for caries experience (dmft+DMFT>0) with regard to frequency of cleaning (less than one time/day), use of a tooth cleaning device (finger or miswak [chewing twig from a date palm tree]), tooth cleaning materials (powders or charcoal), masticatory ability according to dietary consistency (only liquid diet), snacking between meals (one or more times/day), and having a CPI of 1 to 2. Individuals with spastic quadriplegia showed a higher caries experience than those with other spastic sub-types (92.9% and 45.3%, p=0.011 respectively, Table II ). Data are presented for all five GMFCS levels; however, as the numbers of children in levels IV and V were small, the data were subsequently regrouped for analysis incorporating the results from levels I, II, and III together, and levels IV and V together. Bivariate analysis showed a statistically significant difference (p=0.001) between the two groups of GMFCS levels (I-III and IV-V) with caries experience (41.8% and 82.6% respectively). No significant differences were observed between gestational age of the children and caries experience in this study.
Logistic regression analysis showed individuals classified in GMFCS levels IV and V had a higher caries experience (OR 5.81, p=0.035; Table SII, online supporting information). The prevalence of caries experience was higher in individuals who cleaned their teeth less than one time/day than in those who cleaned their teeth at least one time/day (p=0.016). Caries experience was approximately 6.4-times higher in individuals who used oral hygiene aids such as powder or charcoal compared with those who used fluoride toothpaste (p=0.015), and was approximately 6.0-times greater in individuals who snacked at least one time/day between meals (p=0.012) than in those who did not snack between meals.
DISCUSSION
This study evaluated the prevalence and factors associated with dental caries experience in Bangladeshi children with CP. This is the first study showing the influence of oral hygiene and factors such as diet and masticatory ability on dental caries experience in children with CP in a lowresource setting. This study showed that children with less functional CP (i.e. those in GMFCS levels IV-V) had a greater caries experience, when compared with those who have more functional CP (GMFCS levels I-III). 10, 15, 17 In this study, the mean caries experience (dmft+DMFT>0) found among the children with CP in Bangladesh was 3.18. Previous studies in Bangladesh showed that average caries experience scores (dmft) for children without systemic disease were 1.1 for children aged 6 years 18 and 1.72 for children aged 8 to 12 years, 19 whereas children with CP experienced higher scores in this study showing an average of 2.46 (3.75). Our results also showed a higher frequency of caries when compared with data from an epidemiological survey from Brazil. 9 The mean values of DMFT and dmft indices were also high, similar to values described in South Africa, 20 Brazil, 21 and China. 17 De Camargo and Antunes also reported a high number of untreated caries among Brazilian patients with CP in their study. 16 However, their results did not agree with data collected from individuals in Saudi Arabia, 22 from which a strong association was found only between poor oral hygiene status and high DMFS score.
The percentage of individuals with caries experience in the spastic quadriplegia group was higher than for those with other spastic sub-types (92.9% vs 45.3%). In this study, children in GMFCS levels IV to V showed 5.81 times higher experience of dental caries than did the children in GMFCS levels I to III. Nielsen found lower rates of decayed, missing, and filled tooth surface scores in Danish children who had CP compared with a control group. 8 In contrast, a Brazilian study 15 found significantly higher rates of decayed, missing, and filled tooth surface scores in children who had CP when compared with a control group of children who did not have disabilities. The investigators of those studies noted that the children with CP had higher plaque indices, food residue, and rates of mouth breathing than the control group, which could account for the higher caries rate. 7 Food cariogenicity is associated with the presence of fermentable carbohydrates and sugars. This study found an association with a frequency of snacking of more than one time/day and dental caries experience. Sugar intake is a well-known and important risk factor for dental caries. 16 More than a quarter of patients (42.2%) in this cohort had an exclusively non-solid diet as their main food and snacks, and most of the caregivers were unable to identify hidden sugars in these foods. A high sugar intake by special needs patients has already been reported in Brazil and in other international studies. 16, 23 Frequency of exposure differs with each diet; for instance, a liquid diet is digested more quickly and is likely to be provided more frequently. 24 A significant association between caries experience and frequency of tooth cleaning was noted, which showed that participants who cleaned their teeth less than one time/day experienced more caries than those who cleaned at least one time/day. Brushing twice daily was found in only 19 out of 90 children from the CP group. De Camargo and Antunes 16 found that oral hygiene was carried out by caregivers fewer than three times a day and 85% did not clean their children's teeth at night. Carrying out adequate daily oral hygiene on individuals with CP can be difficult for caregivers, particularly if their child has a persistent pathological biting reflex. 7 According to the results of the logistic regression analysis (OR 6.4, p=0.015), an important risk factor for caries experience in these children with CP was the use of powder or charcoal as tooth cleaning materials rather than fluoride toothpaste. In our study, only 36.8% of participants used a toothbrush frequently, 78.8% used their finger or miswak for tooth cleaning. These findings emphasize the importance of professional dental care for patients with CP and training for their caregivers. Ideally, an individual hygiene plan should be designed for each patient that may include modifying oral hygiene behaviour in terms of frequency, alternative positioning techniques, and the use of assistive devices, such as mouth props, floss holders, toothbrushes with large handles, or electric toothbrushes and the use of fluoride toothpaste. 5 
Study limitations
Despite our best efforts there are several limitations in this study which are inherent to observational studies. For example, the cross-sectional design does not allow for establishing causal relations between the independent variables and caries experience. Moreover, epidemiological studies among children with CP with external validity are not available in the literature. One reason contributing to the high caries experience of this group of children might be that the sample CP population of this study was from a rural area (Shahjadpur) located in the northern part of Bangladesh, consisting of a poorer socio-economic group (average monthly family income is <US$70) where most of the participants had no history of visiting a dentist or dental clinic. Studies that specifically assessed cohorts with special needs also acknowledged the importance of socioeconomic status as a risk factor in caries experience; as a less educated caregiver is more likely to lack health literacy and therefore would be unable to provide appropriate care. 25 In addition, poorer families would be more likely to delay dental treatment and interact less with health services to obtain preventive treatment. Therefore, innovative approaches such as having controls for comparison data and saliva testing to measure pH, quantity, buffering capacity, and microbial testing could be useful in this setting to confirm dental caries aetiology.
CONCLUSION
Our data suggest that children in this population with more severe functional motor impairment might have a higher risk of experiencing dental caries, which could be attributed to difficulties in performing adequate oral hygiene. Efforts should be made to improve training and organization of preventive dental care as well as selecting an appropriate diet, modifying oral hygiene behaviour, and promoting the dental health of this challenged population.
